Abstract
Introduction
Even though there are floor distribution maps and guide signs in outpatient department floors of most hospitals, many patients are still worried about that they may spend much time finding the department or ward when seeing a doctor. In recent years, with the development of computer technology and short-range wireless communication technology, the concept of intelligent medicine [1] emerges. Intelligent medicine refers to the use of the most advanced technology -Internet of things [2] , to make possible interaction between patients, medical personnel, medical institutions, and medical equipment and finally to achieve the informatization. We can provide, through the advanced concept and technology about intelligent medicine, indoor positioning for patients, thus improving their treatment experience.
At present, indoor positioning technology [3] is increasingly perfect. It is commonly used in large and medium-sized shopping malls and famous museums while rarely used in hospitals [4] [5] . Indoor positioning is realized via WLAN, Bluetooth or radio frequency identification technology [6] . Wireless local area network can realize the goal of positioning, monitoring and tracking target in a wide range. Self-location of network nodes is the basis and prerequisite for most applications. The Bluetooth technology is to locate object by measuring the signal strength. It has some merits. The greatest one of them is the small volume of the device, which makes it easier to be integrated in PDA, PC and mobile phone. Thus its popularization is easier. But it has some disadvantages. First, the devices and equipment of Bluetooth are expensive. Second, in the complex space environment, the Bluetooth system is unstable and vulnerable to be interfered by noisy signal. Radio frequency identification technology is to use radio frequency to achieve the goal of recognition and positioning by non-contact two-way data communication. On the one hand, it has advantages of big transmission range, low cost and getting information about the location in a few milliseconds. On the other hand, it has the disadvantages of short effect distance, and lack of the communication ability. Besides, it is also difficult to be integrated into other systems.
In this paper, iBeacon-based indoor positioning systems for hospitals are introduced. It has merits of both Internet of things and mobile internet and achieves the goal of indoor positioning within hospitals [7] . It has the advantages of low power consumption, fast response, and accurate positioning, thus bringing great convenience to patients.
The iBeacon Technology
The iBeacon is a piece of equipment for indoor positioning issued by Apple Corp in September 2013 [8] . Its working mechanism is that a communication device equipped with low power Bluetooth (BLE) sends, by using BLE technology, its own ID, and after receiving that ID, a mobile Internet device will take some actions according to it [9] . SIG formulate standards for Bluetooth technology. It put forward low power Bluetooth technology, referred to as BLE, when the standard 4.0 began to be used. This low power Bluetooth technology, compared with the traditional one, has advantages of lower cost and lower power consumption, as can be evidenced by an example that a button cell can allow low power Bluetooth devices to operate for up to a year to two years [10] . The Bluetooth LE protocol is significantly more power efficient than Bluetooth Classic. Several chipsets makers, including Texas Instruments and Nordic Semiconductor now supply chipset s optimized for iBeacon use. Power consumption depends on iBeacon configuration parameters of advertising interval and transmits power. A study on 16 different iBeacon vendors reports that battery life can range between 1-24 months [11] .
An iBeacon deployment consists of one or more iBeacon devices that transmit their own unique identification number to the local area. Software on a receiving device may then look up the iBeacon and perform various functions, such as notifying the user. Receiving devices can also connect to the iBeacons to retrieve values from iBeacon's GATT (generic attribute profile) service. iBeacons do not push notifications to receiving devices (other than their own identity). However, mobile software can use signals received from iBeacons to trigger their own push notifications. Table 1 shows differences between iBeacon and another two kinds of indoor positioning techniques. Compared with those two techniques, iBeacon has the advantages of low cost, accurate positioning, large coverage, and long battery life. Manufacturers can design their own iBeacon equipment based on the specifications. Theoretically, any kind of low-power Bluetooth development board can deal with the work of iBeacon. Table 2 shows all kinds of compatible devices of iBeacon, which contains almost common market mainstream phone.
In this paper, we used iBeacon produced by Byte real Technologies, as shown in Figure 1 . It is based on the TI BLE SOC CC2541, and can meet the requirements of iBeacon-based indoor positioning systems.
The iBeacon-based Indoor Positioning Systems

System Architecture
The iBeacon-based indoor positioning systems for hospitals was designed based on three-layer architecture of Internet of things [12] , as shown in Figure 2 .
The network layer: A high-performance router was chosen as hardware bearing, because direct communication between server and client, such as mobile phone, and tablet, is completed, through the indoor WiFi, 3G, or 4G.
The perceptual layer: First iBeacon was configured. Then, iBeacon's ID and the region where it locates were put into database server by technical staff and iBeacon was set in a certain place. When a user enters this place, iBeacon will automatically send the specified information to the client, and the client forward it to the server. The server determines the location of the user according to information from the pre-configured iBeacon, and then sends the information processed back to the client.
Application layer: It includes server and client. Server is responsible for processing information, while client is responsible for interacting with users. The client should be designed to meet the requirement of humanity. 
Functional Architecture of Application Layers
As shown in Figure 3 , the application layer is divided into three functional modules: the message pushing module, the indoor navigation module and the data (about department visitors) collecting module. The message pushing module consists of hospitals' broadcasting message pushing, introduction of departments and dynamic pushing. The navigation module can be subdivided into positioning and position marking, target department, pharmacy, ward navigation as well as empty-bed recommendation.
Figure 3. Architecture of Application Layers
Message Pushing
Message pushing service of client refers to the real-time delivery of information from server to directed mobile phone [13] . It differs from the common polling mode mainly in two aspects: long networking and real-time delivery.
Message pushing is long networking, with message delivered to client at a delay of 0.1-0.5 seconds, while polling mode is not long networking, with message delivered to client at a delay of 1-10 minutes according to varying polling modes, even 1 hour or a day. The process of message pushing is as follows:
Step1. Client sends a request of http long connection, and then waits for response from the server. This request is asynchronous.
Step2. After the server receives the request, it does not immediately send the data, but hold this connection. This process is none blocking, so the server can continue to process other requests.
Step3. Only when the server has new data, the server takes the initiative to push out these new data, through good connections established before, to the client.
Step4. The client receives data returned which can be processed and then gives a new request of long connection again.
When a patient enters an area covered by the iBeacon signal, client of the device which this patient carries will receive iBeacon's ID, under the condition that the device's wireless network, 3G or 4G is opened. Client gives ID received to the server, and the server will compare the received ID with data put into database by technical personnel. If it exists, this patient's location will be gotten.
When a patient approach target department, the client will determine the distance between iBeacon module and user terminal. When this distance is less than a specific value, the client will take the initiative to request the server to push dynamic message of the Department, including the number of people queuing before this department, and registration fee. Furthermore, the client also can push detailed introduction of the range of the department. Patients can judge whether their illness is in the range of department through the client. Figure 4 is the flow chart of message pushing. 
The Shortest Distance Algorithm
The location of users can be reflected by iBeacons. The position of iBeacosn is relatively fixed. So we only need to calculate the shortest path between each two iBeacons. In this paper, the shortest distance algorithm Floyd was used. The Floyd algorithm uses the idea of dynamic programming. Its core idea is to determine the shortest path between two vertices i and j. That is, all the nodes are used as intermediate points to find the minimum value. The improved algorithm is as follows:
Step1. Distribution of iBeacons can be taken as an undirected graph. Starting from an arbitrary Beacon, if it is adjacent to another one, the weight between them is d, and if not, the weight is infinite.
Step2. For each pair of iBeacons i to j, whether there is an iBeacon k that makes the distance from i to k to j shorter than the route known is figured out. If there is a k like that, update the formula 1.
When patients open function interface of navigation, the client will get the current position of the user from server according to ID sent by the iBeacon. After information about the user's position is gotten, it will be displayed on plane map. Besides, patients can search the target department, pharmacy and ward according to their need. Finding empty beds is used as an example. In navigation process, using the shortest distance algorithm, the system calculated empty bed which was the nearest to patients according to their current location, and then directs patients to quickly arrive at the destination in clinic. The flow chart of recommending the nearest bed is shown in Figure 5 .
Figure 6. The Experimental Results
The first picture of Figure 6 is the illustrations of visitors' status of the target department displayed in client when patients approach it. The second picture is the details of the target department. The third picture is a map displayed in client where the patient's current position is marked. The fourth picture is the nearest empty bed for the user recommended by the system.
Conclusions
In this paper, iBeacon-based indoor positioning systems for hospitals are introduced. First, system was designed based on three-layer architecture of Internet of things and the shortest distance algorithm Floyd was used to recommend the nearest department or unit to patients. Finally, experiments were conducted to verify the feasibility of the system. Such a study on iBeacon-based indoor positioning systems for hospitals is of great importance, as its application can save time for patients and save manpower, and material resources for hospitals.
